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ABSTRACT 
\\'hcn a concrete beam is subjected to loading. the entire cross section of the beam 
resists bending. with compression on top and tension at the bottom. The reinforcing 
steel is provided to resist the tensile stress. 13S 81 10 (1985) recommends that the 
maximum amount of steel provided in the reinforced concrete should not exceed 4% of 
the cross sectional area of the beam section. Therefore the intension of this project is to 
study the flexural resistance in rectangular reinforced concrete beam with maximum 
tension reinforcement. These involve analytical calculation of flexural strength of 
reinforced concrete beams with maximum reinforcement. evaluation of mode of failure 
and determination of' the necessity of additional and amount of compression 
reinforcement required to achieve the ductility requirement as recommend in 13S 8110 
(I 985 ). 
II 
Aiabila rasuk konkrit dikenakan beban. keseluruhan keratan rentas rasuk menahan 
kelentuian dengan nlampatan di bahagian atas dan tegangan di bahagain bawah. 
tetulang, keluli diperuntukkan untuk menahan tegasan tegangan. BS 8110 (1985) 
mencadangkan baha\wa junilah maksinmm tetulang keluli yang diperuntukkan dalam 
rasuk konkrit bertetulang supaya tidak melebihi 4% daripada luas keratan rentas rasuk. 
Oleh itu. tujuan projek ini adalah untuk mengkaii ketahanan lenturan dalam rasuk 
hertetulan, segiempat dengan tetulang te`ýangan maksimum. Im merangkumi pengiraan 
analitikal ketahanan lenturan bagi rasuk konkrit bertetulang. pernilaian sifat kegagalan. 
dan penentuan keperluan tambahan serta jumlah tetulang mampatan yang diperlukan 
untuk mencapai keperluan kcmuiuran seperti mana yang dicadangkan oleh 13S 8110 
(1ý)8>º. 
III 
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1.1 c: i,: Nl: ftAL INTRODUCTION 
Reinforced concrete may he the most important materials available lilt construction 
industry. It is a composite material of steel bars embedded in a hardened concrete 
matrix. It can he formed into varieties of shapes and sires. Its utility and versatility is 
acllleyed by combining the best Icatures of concrete and steel. Concrete and reinlýlrcinýg 
steel have \yidely different properties and are more or less complementary. Concrete is 
stron, L, in compression hut week in tension. When they are conlhined. the steel is able to 
pros ide the tensile strength and probably some ol- the shear strength \\ 1111C the concrete. 
strong in compression. protect the steel to `give durability and Tire resistance. 
1.2 Cc)NCR1ý. ý1I-, STRESS-STRAIN RELATIONtiI-ill' 
Concrete is aV CIA \M-table material ha\ inýý \a ids ran e ý)I' strcngths and stress-strain 
curves. \ typical curve liar concrete in compression Is sho\\ n in Fi`g. I. I. As the load 
is 
applied, the ratio het\\ecn the stress and strain is approximately linear at first and the 
concrete behaves a! illost as an elastic material with lull recovery of displacement 
if the 
load is relllo\ed. I'\elltllilll\. the curve is no lonýýer linear and the concrete behaves 
I 
more as a plastic material. There will he no more full recovery and a permanent 
deformation would remain even after the load is removed. The ultimate strain for most 
-tructural concretes tends to he a constant value of approximately 0.001-5. irrespective 




Fig, I. I I'ý hic<<I stress-strain curve i'or concrete in compression 
1.3 SiT F, L STRESS-STRAIN RELATIONSHIP 
shows a typical stress-st ain curves for (a) mild steel and (b) high yield steel. 
Mild steel behaves as an elastic material. with the strain proportional to the stress up to 
the ield strength. Alter the yield point. mild steel becomes a plastic material and the 
strain increase rapidly uh to the ultimate value. I-lieh yield steel on the other hand 
does 
ý 
not have a definite yield point but shows a more gradual change from elastic to plastic 
behavior. 
Hic specified strength used in the design is based on the yield stress for mild steel, 
%%hereas liar high yield steel the strength is based on a specified proof stress. A 0.2 
percent proof stress is defined in Fig. 1.22 by broken line drawn parallel to the linear part 
of the stress strain curves (Mosley and l3uneey. 1990). 
r. ) llý I, 
prC ct stress 
Stress 
ü (iCr; 1 
(bj ILRJi Yield Steel 
I 
trim 
Fig 1.2 Stress-strain curve for steel 
1.4 CONCRETE WITH REINFORCEMENT 
\\'hcn a concrete heam is subjected loading. the entire cross section of the beam resists 
hendin`e. Willi compression on one side and tension on the other. As the load increases. 
cracks start to developed at bottom as shown in Fig. 1-3. The cracked concrete cannot 
resist tensile strength. The reinforcing steel is provided to resist the tensile stress. 
r_ ý 
ý 





I iýg. L 'i ; Beam cracks under load 
\i this static. the compressive stress in the top fibers is less then the concrete 
compressive strength. Icu and as long as the steel stress. 1, is less than its yield points. 
I'hc stress-strain lör this range is shown in Fig. 1.4. The compressive stresses vary 





C: " fs 
9(IdIIl stress 
iýg. 1.4 Stress-strain l 'or section with reinforcement 
l HIC anuOunt of steel provided has great intluence on the mode of failure. A beam that 
has a balanced steel ratio is the one li)r which the tensile steel will theoretically start to 
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